A system for assessing the anti-inflammatory effects of food factors was developed by establishing a coculture system with intestinal epithelial Caco-2 cells and macrophage RAW264.7 cells. The results indicate that fucoidan and lentinan exhibited different suppressive effects on interleukin-8 (IL-8) mRNA expression in Caco-2 through tumor necrosis factor-(TNF-) production from RAW264.7 stimulated with lipopolysaccharide (LPS).
There have been many reports that polysaccharides from mushrooms and sea weeds have clinical importance, such as anti-inflammatory, anti-allergic and antitumor activities.
1-7) Hamuro et al. (1978) reported that lentinan, -(1,3) glucan, mediates the augmentation of alloreactive murine cytotoxic T-lymphocytes and enhances the generation of cytotoxic T-lymphocytes. 8) Lentinan stimulates natural killer (NK) cell activity 9) and several macrophage functions, e.g., the release of tumor necrosis factor (TNF)- 10) and interleukin-1.
11)
TNF-, an endogenous factor with tumor-selective cytotoxicity, is recognized as an important host defense molecule that affects tumor cells. Fucoidan is a dietary fiber abundant in seaweed and particularly in the brown algae Laminaria japonica. Fucoidan has been reported to possess immune modulatory activity, including antiinflammatory, anti-tumor, anti-angiogenic, and antiadhesive properties.
12) The immune modulatory activity is mediated through regulation of the function of immune cells such as macrophages, NK cells, and dendritic cells (DCs). [13] [14] [15] Thus it appears that immunomodulating activity that occurs through host mediation in response to stimulation of the function of immune cells participates in the various properties of clinical importance. Inflammatory bowel diseases (IBDs), including Crohn's disease and ulcerative colitis, are characterized by chronic inflammation of the gastrointestinal tract. While the precise etiology remains unknown, understanding of the pathophysiology of IBDs has advanced. The typical features of these diseases have been identified in various studies, especially for intestinal immune cells and intestinal epithelial cells of IBD patients. We have established a gut inflammation in vitro model in which an intestinal epithelial cell line, Caco-2 cells, are placed in a transwell on the apical side and a macrophage cell line, RAW264.7 cells, are placed on the basolateral side, and then RAW264.7 is stimulated with lipopolysaccharide (LPS) to produce TNF-in the basolateral compartment to mimic a gut inflammation. The TNF-produced led Caco-2 cells to secrete interleukin (IL)-8, one of inflammation markers. 16) Moreover, this indicated that this gut inflammation model is applicable in the search for anti-inflammatory factors against intestinal inflammation. In present study, we focused on the suppressive effects of lentinan and fucoidan on interleukin (IL)-8 mRNA expression using this model, and found that in Caco-2 cells, lentinan and fucoidan suppressed IL-8 mRNA expression in different ways.
Purified lentinan and fucoidan were gifts of Ajinomoto (Tokyo) and Professor Ojima of Hokkaido University respectively. A co-culture experiment was performed as described by Tanoue et al. 16) TNFcontents were quantified by cytotoxicity assay with L929 cells (actinomycin D-treated murine fibroblast cell line) using murine rTNF-as the standard, as described by Kerékgyártó et al. 10) Semi-quantitative RT-PCR was performed as described previously. 16) To semi-quantify the induction of IL-8 mRNA expression in Caco-2 cells, IL-8 mRNA expression levels were normalized relative to the expression of GAPDH mRNA, and IL-8/GAPDH ratios were calculated by densitometric analysis using Image J software. The contents of lentinan and fucoidan in the culture supernatant were quantified by a method described by Mizuno et al. 17, 18) Budesonide, an oral medicine for Crohn's disease patients, was added in the apical compartment in this system as a positive control.
It has been found that a gut inflammation in vitro model in which Caco-2 cells were placed in the transwell the apical side and RAW264.7 cells were placed the basolateral side was an adequate and convenient method to screen a food factor possessing anti-inflammatory activity. 16) To study the anti-inflammatory activity of polysaccharides as a food factor, lentinan and fucoidan, from Lentinula edodes and Laminaria japonica Areschoug respectively, were applied in this model. LPS treatment from the basolateral compartment enhanced TNF-production about 10-fold as compared with the control (Tables 1 and 2 ). As shown in Table 1 , treatment with lentinan (500 mg/ml) resulted in down-regulation of IL-8 mRNA expression in the Caco-2 cells stimulated with LPS, but its intensity was lower than budesonide. Lentinan did not decrease TNF-production from RAW264.7 cells (10:1 AE 2:3 ng/ml) in spite of inhibition of TNF-production by budesonide to 4:0 AE 1:0 (Table 1) . It was ascertained that lentinan did not penetrate the Caco-2 monolayer, as lentinan was not detected in the basolateral compartment by ELISA using an anti-lentinan polyclonal antibody (data not shown). Fucoidan (500 mg/ml) also indicated down-regulation of IL-8 mRNA expression (Table 2) , but while lentinan maintained TNF-production from RAW264.7 stimulated with LPS, fucoidan suppressed its production (4:7 AE 3:1) as compared with LPSstimulated RAW 264.7 (11:3 AE 3:9). It was also clear that fucoidan did not penetrate a Caco-2 monolyer (data not shown). Thus lentinan and fucoidan indicated different suppressive effects on IL-8 mRNA expression without direct interaction with RAW 264.7. In fact, TNF-treatment applied to Caco-2 cells from the basolateral compartment enhanced IL-8 mRNA (data not shown). This means that TNF-production from RAW264.7 was an important factor affecting whether or not IL-8 mRNA expression was induced in the Caco-2 cells. It has been reported that -glucan was recognized through the dectin-1 receptor in intestinal epithelial cells. 19) Lentinan, -1,3, 1,6-glucan, was similarly recognized through dectin-1. However, since fucoidan is a polymer of L-fucose linked by an -1,2-linkage with a sulfate group mainly at the O-4 position, it should be recognized through other receptors, though not through dectin-1, in intestinal epithelial cells. This difference in receptors between lentinan and fucoidan is thought to be due to the different suppressive effects on IL-8 mRNA expression in Caco-2. Lentinan (500 mg/ml) was added to the apical compartment in the Caco-2/ RAW264.7 co-culture model for 3 h. Subsequently, LPS was added to the basolateral compartment at a final concentration of 1 ng/ml, followed by incubation for an additional 3 h. The fold increase in IL-8 mRNA expression was calculated relative to the control. TNF-production was determined by L929 cytotoxicity assay. Values represent the means AE SE (n ¼ 3). Numbers in the same column flanked by the same letter are not significantly different at p ¼ 0:05 by Tukey-Kramer's post hoc test. Fucoidan (500 mg/ml) was added to the apical compartment in the Caco-2/ RAW264.7 co-culture model for 3 h. Subsequently, LPS was added to the basolateral compartment at a final concentration of 100 pg/ml, followed by incubation for an additional 3 h. The fold increase in IL-8 mRNA expression was calculated relative to the control. TNF-production was determined by L929 cytotoxicity assay Values represent the means AE SE (n ¼ 3). Numbers in the same column flanked by the same letter are not significantly different at p ¼ 0:05 by the Tukey-Kramer's post hoc test.
